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(54) ELECTROCONDUCTIVE CURABLE RESIN COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electroconductive curable resin composition having 
excellent properties of allowing a large amount of a filler to be filled, and excellent moldability, 
and further to provide a separator for a fuel battery, an accumulated body for a battery, an 
electrode or a heat-releasing plate, having excellent electroconductivity and heat-releasability, 
and obtained by forming the composition in an uncured state into a sheet shape, and curing the 
formed composition so as to form the separator for the fuel battery, the accumulated body for 
the battery, the electrode or the heat-releasing plate, and a method for producing the resin 
composition. 

SOLUTION: This electroconductive curable resin composition contains (A) a curable resin 
composition containing 2-80 wt.% elastomer having >25 Mooney viscosity [ML1+4 (100° C)] and 
(B) a carbon material in a proportion regulated so as to be (70-5):(30-95) in weight 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

(57)[Claim(s)] 
[Claim 1] 

(A) A carbon material containing boron of a hardenability resin composition which contains an 
elastomer whose Mooney viscosity (ML 1+4 (100 **)) is 25 or more at a rate of 2 - 80 mass % and 

(B) 0.05 mass % - 10 mass %, (A) A conductive hardenability resin composition characterized by 
containing at a rate of 45-5:55-95 with a mass ratio of an ingredient and the (B) ingredient. 
[Claim 2] 

(A) 80 to elastomer 2 mass % whose Mooney viscosity (A1) (MI_ 1+4 (100 **)) a hardenability resin 

composition of an ingredient is 25 or more, And (A2) the conductive hardenability resin 
composition according to claim 1 being a constituent containing the radical reactivity resin 20 - 
98 mass %. 
[Claim 3] 

(A) 80 to elastomer 2 mass % whose Mooney viscosity (A1) (MI_ 1+4 (100 **)) a hardenability resin 

composition of an ingredient is 25 or more, And (A2) the conductive hardenability resin 
composition according to claim 1 characterized by being a constituent which carries out 0.2-10 
mass-part content of the (A3) organic peroxide to 100 (A1+A2) mass parts at the radical 
reactivity resin 20 - 98 mass %. 
[Claim 4] 

(A1) An elastomer of an ingredient Acrylonitrile-butadiene rubber, Hydrogenated nitrile rubber, 
styrene butadiene rubber, ethylene propylene rubber, Ethylene propylene diene ternary 
polymerization rubber, ethylene butadiene rubber. One sort chosen from a group which consists 
of fluorocarbon rubber, polyisoprene rubber, silicone rubber, acrylic rubber, and butadiene rubber, 
or the conductive hardenability resin composition according to claim 2 or 3 being two or more 
kinds of combination. 
[Claim 5] 

(A1) An elastomer of an ingredient Acrylonitrile-butadiene rubber, The conductive hardenability 
resin composition according to claim 4 which are one sort or two kinds or more of combination 
chosen from a group which consists of hydrogenated nitrile rubber, styrene butadiene rubber, 
ethylene propylene rubber, ethylene propylene diene ternary polymerization rubber, and 
butadiene rubber. 
[Claim 6] 

(A2) Radical reactivity resin of an ingredient Unsaturated polyester resin, vinyl ester resinT he 
conductive hardenability resin composition according to claim 2 or 3 being one sort or two sorts 
or more of combination chosen from allyl ester resin, urethane-acrylate-resin, alkyd resin, 
diallyl-phthalate-resin, 1. and 2-polybutadiene resin etc. 
[Claim 7] 

A carbon material of an ingredient (B) Graphite powder, artificial-graphite powder, the end of 
natural graphite powder. Expanded graphite powder, carbon fiber, and a fiber diameter are 0.05- 
10 micrometers, and fiber length 1-500-micrometer gaseous phase method carbon fiber, The 
conductive hardenability resin composition according to any one of claims 1 to 4, wherein a fiber 
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diameter is 0.5-100 nm and fiber length is the material which consists of one sort or two sorts or 
more of combination chosen from a group which consists of a 0.01-10-micrometer carbon 
nanotube and carbon black. 
[Claim 8] 

The conductive hardenability resin composition according to claim 7 w hich graphite powder is 
0.1-150 micrometers in mean particle diameter, and is black lead fine complications with a lattice 
spacing (Co value) of 6.745A or less. 
[Claim 9] 

(B) The conductive hardenability resin composition according to any one of claims 1 to 8 
characterized by powder electrical specific resistance of rectangular directions being below 
0.07-ohmcm to a pressurizing direction in the state where a carbon material of an ingredient 

pressurized so that bulk density might serve as 1 .5 g/cm . 
[Claim 10] 

A sheet characterized by coming to be fabricated using the conductive hardenability resin 
composition according to any one of claims 1 to 9 . 
[Claim 11] 

A manufacturing method of a non-hardened sheet fabricating the conductive hardenability resin 
composition according to any one of claims 1 to 9 in the state where it does not harden, using 
an extrusion machine, a roll, and any one making machine of the calendar. ? 
[Claim 12] 

A non-hardened sheet which it comes to manufacture by the manufacturing method according to 
claim 11 . 
[Claim 13] 

The non-hardened sheet according to claim 12 w hich are 0.5-3 mm in thickness, and 20-3000 
mm in width. 
[Claim 14] 

A manufacturing method of a sheet cured body with a slot cutting or piercing the non-hardened 
sheet according to claim 12 or 13 . supplying the sheet in a metallic mold, and making it heat- 
harden with a compacting machine. 
[Claim 15] 

A separator for fuel cells, an accumulation object for cells, an electrode, or a heat sink which it 
comes to manufacture by the manufacturing method according to claim 14 using one side or a 
metallic mold with a double-sided slot. 
[Claim 16] 

A separator for fuel cells produced by hardening the non-hardened sheet according to claim 12 
or 13. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the separator for fuel cells, the accumulation object for cells, an 
electrode or a heat sink, and a manufacturing method for the same especially about the 
conductive hardenability resin composition excellent in conductivity and heat dissipation nature. 
[0002] 

[Description of the Prior Art] 

Metal, a carbon material, etc. have been used for the use which needs high conductivity 
conventionally. The carbon material in particular did not have corrosion like metal, and since it 
was a material excellent in heat resistance, lubricity, thermal conductivity, endurance, etc., the 
important role was come in the field of electronics, electrochemistry, energy, a transport- 
airplane machine, etc. sure enough. And also in the composite material by the combination of a 
carbon material and a polymer material, remarkable development was accomplished and one 
dance of the formation of highly-efficientHzing and highly efficient nature was borne. That the 
flexibility of molding workability improved especially by composite-ization with a polymer material 
is one reason the carbon material has developed in each field as which conductivity is required. 
[0003] 

Although a fuel cell generates electricity by the backward reaction of the electrolysis of water 
from a viewpoint of an environmental problem and energy problems using hydrogen and oxygen, 
there are no excretions other than water and it is observed as a clean power plant in recent 
years, a role with big carbon material and polymer material can be borne also here. The polymer 
electrolyte fuel cell is especially the most promising as a car or a noncommercial use in order to 
operate at low temperature. Said fuel cell can attain high-output power generation by laminating 
the single cell which comprised a solid polymer electrolyte, a gas diffusion electrode, a catalyst, 
and a separator. 
[0004] 

High conductivity is required, in order for the separator used in order to divide this single cell to 
usually have a slot to which fuel gas and oxidant gas are supplied, and to require the high gas 
impermeableness which can separate these gases thoroughly and to make internal resistance 
small. To excel in thermal conductivity, endurance, intensity, etc. is demanded. 
[0005] 

This separator has been conventionally examined from both sides of metal and a carbon material 
in order to attain these demands. Although the trial which makes the surface cover the precious 
metals and carbon has been carried out from the problem of corrosion resistance [ metal ], 
sufficient endurance is not obtained but the cost which starts covering further becomes a 
problem. 
[0006] 

The mold goods etc. which carried out mixed postforming of the glassy carbon and the end of 
carbon powder it is obtained on the other hand by calcinating the mold goods produced by 
examination also accomplishing many carbon materials and carrying out press forming of the 
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expanded graphite sheet, the mold goods which the carbon sintered compact impregnated with 
resin and were stiffened, and thermosetting resin, and the resin are raised as an example. 
[0007] 

For example, to JP,8-222241,A. In order to secure reliability and dimensional accuracy, binding 
material is added to carbonaceous powder, after [ heating mixing ] CIP shaping is carried out, in 
thermosetting resin, it is impregnated, and curing treatment is carried out and the complicated 
process of carving a slot by cutting is indicated by the isotropic graphite material produced by 
subsequently calcinating and graphitizing. Carrying out lamination compression bonding of the 
thermosetting resin after being impregnated to the paper containing the end of carbon powder or 
carbon fiber, and calcinating it on it is indicated by JP.60H61 144,A. 
[0008] 

Carrying out injection molding of the phenol resin to a separator-shaped metallic mold, and 
calcinating it is indicated by JP.2001-68128.A. Although the material by which baking treatment 
was carried out like these examples shows high conductivity, the time which calcination takes is 
long and it is deficient in productivity. And since mass production nature is a high cost 
deficiently further when cutting is required, there are many fields difficult as a material which will 
spread in the future. 
[0009] 

Although the molding method is considered as a means by which mass production nature can 
expect low cost highly on the other hand, as a material applicable to it, the composite of a 
carbon system filler and resin is common. For example, to JP,58~53167,A, JP,60~37670,A, 
JP,60-246568A JP.64-340.B, and JP,6~22136,B. The separator which consists of thermosetting 
resin, such as phenol resin, black lead, and carbon to JP,57-42157,B. The separator with which 
the bipolar separator which consists of thermosetting resin, such as an epoxy resin, and 
conductive substances, such as graphite, blends expanded graphite and carbon black with 
thermosetting resin, such as phenol resin and furan resin, at JP,1~31 1570,A is indicated. 
[0010] 

In the separator using the composite of a carbon system filler and resin, since high conductivity 
was made to reveal, the fill ration of the carbon system filler needed to be increased 
substantially, but in order to hold molding nature and to increase content of resin, it was difficult 
to obtain conductivity high enough. After fabricating a constituent with a roll etc. on an accurate 
sheet, have also accomplished the trial hardened in the separator shape for fuel cells, in order to 
raise especially the thickness accuracy which is the important characteristic with the separator 
for fuel cells, but. Since it would not become a uniform sheet if high-filled up with a carbon 
system filler, the content of resin used as a matrix had been increased. Therefore, sufficient 
conductivity or thermal conductivity were not able to be revealed. 
[0011] 

In order to obtain high conductivity, when the process of the calcination which performs 
prolonged heating for a Plastic solid at a 1000-3000 ** elevated temperature was included, the 
time which manufacture takes became long, and there was a problem that a manufacturing 
process will become complicated and cost will go up. 
[0012] 

[Problem(s) to be Solved by the Invention] 

This invention is made in view of this situation, and is a thing. 

The purpose is to provide the conductive hardenability resin composition which was excellent in 
the high restoration nature of **, and was excellent in molding workability. 

Fabricate the constituent to a sheet shaped in the state where it does not harden, and in it The 
separator for fuel cells, Let it be a technical problem to provide the separator for fuel cells 
excellent in conductivity and heat dissipation nature obtained by making the shape of the 
accumulation object for cells, an electrode, or a heat sink harden, the accumulation object for 
cells, an electrode or a heat sink, and a manufacturing method for the same. 
[0013] 

[Means for Solving the Problem] 

This invention persons use a carbon system filler and a hardenability resin composition as the 
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main raw material in view of such a situation, By tackling wholeheartedly development of a 
conductive hardenability resin composition which has the conductivity excellent in the cured 
body, and was excellent in heat dissipation nature, and making an elastomer of the amount of 
polymers contain in a hardenability resin composition, It could be high— filled up with a carbon 
system filler, and excelled in molding workability, and a conductive hardenability resin 
composition which can fabricate a still more uniform sheet in the state of un-hardening, and its 
non-hardened sheet were developed. With combination of a specific carbon material and this 
hardenability resin composition containing boron, with thin meat, a separator for fuel cells of high 
conductivity excellent in thickness accuracy, an accumulation object for cells, an electrode or a 
heat sink, and a manufacturing method for the same are invented, and it came to complete. 
[0014] 

That is, this invention for attaining said purpose relates to the following conductive hardenability 
resin composition, its non-hardened sheet and a separator for fuel cells using it, an accumulation 
object for cells, an electrode or a heat sink, its manufacturing method, etc. 
[1] a carbon material containing boron of a hardenability resin composition which contains an 
elastomer whose (A) Mooney viscosity (MI_ 1+4 (100 **)) is 25 or more at a rate of 2 - 80 mass % 

and (B) 0.05 mass % - 10 mass % , (A) A conductive hardenability resin composition characterized 
by containing at a rate of 45- 5:55- 95 with a mass ratio of an ingredient and the (B) ingredient. 
[2] The elastomer 80 whose Mooney viscosity (A1) (ML 1+4 (100 **)) a hardenability resin 

composition of the (A) ingredient is 25 or more - 2 mass %, And (A2) a conductive hardenability 
resin composition given in the above [1] being a constituent containing the radical reactivity 
resin 20 - 98 mass %. 

[3] The elastomer 80 whose Mooney viscosity (A1) (MI_ 1+4 (100 **)) a hardenability resin 

composition of the (A) ingredient is 25 or more - 2 mass %, And (A2) a conductive hardenability 
resin composition given in the above [1] characterized by being a constituent which carries out 
0.2-10 mass-part content of the (A3) organic peroxide to 100 (A1+A2) mass parts at the radical 
reactivity resin 20 - 98 mass %. 
[0015] 

[4] (A1) An elastomer of an ingredient Acrylonitrile-butadiene rubber, Hydrogenated nitrile 
rubber, styrene butadiene rubber, ethylene propylene rubber, Ethylene propylene diene ternary 
polymerization rubber, ethylene butadiene rubber. One sort chosen from a group which consists 
of fluorocarbon rubber, polyisoprene rubber, silicone rubber, acrylic rubber, and butadiene rubber, 
the above [2] being two or more kinds of combination, or a conductive hardenability resin 
composition given in [3j. 

[5] (A1) An elastomer of an ingredient Acrylonitrile-butadiene rubber, A conductive hardenability 
resin composition given in the above [4] which is one sort or two kinds or more of combination 
chosen from a group which consists of hydrogenated nitrile rubber, styrene butadiene rubber, 
ethylene propylene rubber, ethylene propylene diene ternary polymerization rubber, and 
butadiene rubber. 

[6] (A2) Radical reactivity resin of an ingredient Unsaturated polyester resin, Vinyl ester resin t 
allyl ester resin, urethane acrylate resin. The above [2] being one sort or two sorts or more of 
combination chosen from alkyd resin, diallyl-phthalate-resin, 1, and 2-polybutadiene resin etc.. or 
a conductive hardenability resin composition given in [3]. 
[0016] 

[7] A carbon material of the (B) ingredient Graphite powder, artificial-graphite powder, the end of 
natural graphite powder, Expanded graphite powder, carbon fiber, and a fiber diameter are 0.05- 
10 micrometers, and fiber length 1-500-micrometer gaseous phase method carbon fiber. The 
above [1] a fiber diameter s being 0.5-100 nm, and being the material which consists of one sort 
as which fiber length is chosen from a group which consists of a 0.01-10-micrometer carbon 
nanotube and carbon black, or two sorts or more of combination. Or a conductive hardenability 
resin composition given in either of [4], 

[8] A conductive hardenability resin composition given in the above [7] which graphite powder is 
0.1-150 micrometers in mean particle diameter, and is black lead fine complications with a lattice 
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spacing (Co value) of 6.745A or less. 
[0017] 

[9] The above [1] characterized by powder electrical specific resistance of rectangular directions 
being below 0.07-ohmcm to a pressurizing direction in the state where a carbon material of the 
(B) ingredient pressurized so that bulk density might serve as 1.5 g/cm 3 thru/or conductive 
hardenability resin composition given in either of [8]. 
[0018] 

[10] A sheet characterized by coming to be fabricated using a conductive hardenability resin 
composition the above [1] thru/or given in either of [9]. 

[11] A manufacturing method of a non-hardened sheet fabricating a conductive hardenability 
resin composition of a statement in the state where it does not harden, using an extrusion 
machine, a roll, and any one making machine of the calendar to the above [1] thru/or either of 
[9]- 

[12] A non-hardened sheet which the above [H] comes to manufacture by a manufacturing 

method of a statement. 

[0019] 

[13] A non-hardened sheet given in the above [1_2] which is 0.5-3 mm in thickness, and 20-3000 
mm in width. 

[14] A manufacturing method of a sheet cured body with a slot cutting or piercing a non- 
hardened sheet the above [J_2] or given in [13], supplying the sheet in a metallic mold, and 
making it heat-harden with a compacting machine. 

[15] A separator for fuel cells, an accumulation object for cells, an electrode, or a heat sink 
which it comes to manufacture by a manufacturing method given in the above [14] using one 
side or a metallic mold with a double-sided slot. 
[0020] 

[1 6] A separator for fuel cells produced by the above [12] or [13] by hardening a non-hardened 

sheet of a statement. 

[0023] 

[Embodiment of the Invention] 

Hereafter, this invention is explained in detail. 

As an elastomer (A1) contained in the hardenability resin composition of the (A) ingredient in this 
invention, Acrylonitrile-butadiene rubber, hydrogenated nitrile rubber, styrene butadiene rubber, 
Ethylene propylene rubber, ethylene propylene diene ternary polymerization rubber, Ethylene 
butadiene rubber, fluorocarbon rubber, polyisoprene rubber, silicone rubber, Acrylic rubber, 
butadiene rubber, high styrene rubber, chloroprene rubber, One sort selected from urethane 
rubber, polyether special rubber, tetrafluoroethylene propylene rubber, epichlorohydrin rubber, 
polynorbornene rubber, isobutylene isoprene rubber, etc. thru/or the thing to depend on two or 
more kinds of combination are mentioned. 
[0024] 

In respect of endurance, a water resisting property, and processability, acrylonitrile-butadiene 
rubber especially, Hydrogenated nitrile rubber, styrene butadiene rubber, ethylene propylene 
rubber, Ethylene propylene diene ternary polymerization rubber, ethylene butadiene rubber, 
Butadiene rubber, fluorocarbon rubber, high styrene rubber, polyether special rubber, and 
epichlorohydrin rubber have them, and further, [ preferred ] Acrylonitrile-butadiene rubber, 
hydrogenated nitrile rubber, styrene butadiene rubber, ethylene propylene rubber, ethylene 
propylene diene ternary polymerization rubber, and butadiene rubber are preferred. 
[0025] 

Mooney viscosity (MI_ 1+4 (100 **)) is 25 or more, and the elastomer (A1) contained in the 

hardenability resin composition of the (A) ingredient in this invention is 50 or more still more 
preferably 40 or more preferably. Or less by 25, since the loading nature of a carbon material 
filler is bad, if Mooney viscosity (ML 1+4 (100 **)) is high-filled up with a carbon material filler, it 

will become difficult to fabricate a uniform non-hardened sheet continuously. 
[0026] 
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Measurement of Mooney viscosity is based on JIS K6300 and is Mooney viscosity measuring 
apparatus. It can measure using AM-1 (made in an incorporated company Oriental energy 
machine factory). M of ML 1+4 (100 **) — Mooney viscosity — L — 1+4 expresses 1 minute of 

preheating time, and operating time 4 minutes of a rotor, and 100 ** of test temperature of (100 

**) is expressed with according to form of a rotor for the L type, respectively. 

[0027] 

They are resin which contains a vinyl group and an allyl group at the end of a molecule, or 
contains the alkyl chain of a carbon-carbon unsaturated double bond or the 1st class carbon in a 
main chain as radical reactivity resin (A2) contained in the hardenability resin composition of the 
(A) ingredient in this invention, or its resin composition. For example, one sort or two kinds or 
more of constituents chosen from unsaturated-polyester-resin, vinyl-ester-resin, allyl ester 
resin, urethane-acrylate-resin, alkyd resin, diallyl-phthalate-resin, 1, and 2-polybutadiene resin 
etc. are mentioned. 
[0028] 

The resin which has a cyclic structure [ like / the isocyclic ring and heterocycle ] in a molecular 
skeleton in the field as which heat resistance, acid resistance, etc. are required is preferred. For 
example, the thing containing unsaturated polyester of a bisphenol system, vinyl ester resin, 
novolac type vinyl ester resin, allyl ester resin, diallyl phthalate resin, etc. is preferred at the 
point that heat resistance, chemical resistance, and hot water resistance can be improved. 
Since 1 and 2-polybutadiene resin does not include a double bond in a main chain, it is preferred 
at the point that heat resistance, chemical resistance, and hot water resistance can be 
improved. 
[0029] 

In this invention, the above-mentioned ingredient as an ingredient of the hardenability resin 
composition of the (A) ingredient (A1), (A2) The radical reactivity monomer which contains 
unsaturated double bonds, such as a vinyl group and an allyl group, in except can be added for 
the purpose of control of reaction velocity, viscosity control, improvement in crosslinking 
density, an adding function, etc. For example, the vinyl ester of unsaturation fatty acid ester, an 
aromatic vinyl compound, saturated fatty acid, or aromatic carboxylic acid and its derivative, 
cross-linking polyfunctional monomer, etc. are mentioned. 
[0030] 

As unsaturation fatty acid ester, methyl (meta) acrylate, ethyl (meta) acrylate, Butyl (meta) 
acrylate, 2-ethylhexyl (meta) acrylate, Octyl (meta) acrylate, dodecyl (meta) acrylate, octadecyl 
(meta) acrylate, Alkyl (meta) acrylate, such as cyclohexyl (meta) acrylate and methylcyclohexyl 
(meta) acrylate; Phenyl (meta) acrylate, Benzyl (meta) acrylate, 1-naphthyl (meta) acrylate, 
Fluorophenyl (meta) acrylate, chlorophenyl (meta) acrylate, Cyanophenyl (meta) acrylate, 
methoxypheny (meta) acrylate. Acrylic acid aromatic ester, such as biphenyl (meta) acrylate; 
Fluoromethyl (meta) acrylate, Halo alkyl (meta) acrylate, such as chloromethyl (meta) acrylate; 
there are glycidyl (meta) acrylate, alkylamino (meta) acrylate, alpha-cyanoacrylic ester, etc. 
[0031] 

As an aromatic vinyl compound, styrene, alpha-methylstyrene, chlorostyrene, styrene sulfonic 
acid, 4-hydroxystyrene, vinyltoluene, etc. can be mentioned. 

As the vinyl ester of saturated fatty acid or aromatic carboxylic acid, and its derivative, there 

are vinyl acetate, vinyl propionate, benzoic acid vinyl, etc. 

[0032] 

As cross-linking polyfunctional monomer, ethylene glycol di(metha)acrylate, Diethylene 
GURIKORUJI (meta) acrylate, triethylene glycol di(metha)acrylate, Tetraethylene glycol di(metha) 
acrylate, Tori propyleneglycol di(meth) acrylate, 1, 3-butylene glycol di(metha)acrylate, 1, 4- 
butanediol di(metha)acrylate, 1,5-penta JIORUJI (meta) acrylate, 1,6-hexa JIORUJI (meta) 
acrylate, neopentyl glycol di(metha)acrylate, oligo S TERUJI (meta) acrylate, poly swine JIENJI 
(meta) acrylate, 
[0033] 

2,2-bis(4-(meth)acryloyloxy phenyOpropane, 2,2-bis(4-omega-(meta) AKURIRO yloxy pilus 
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ethoxy)phenylpropane, Di(meth)acrylate of **; Diallyl phthalate, diallyl isophthalate, Dimetha-allyl 
isophthalate, terephthalic acid diary', 2,6-naphthalene-dicarboxylic-acid diaryl, 1 ,5-naphthalene- 
dicarboxylic-acid diaryl and allyl 1,4-xylenedicarboxylate, Aromatic-carboxylic-acid diaryl, such 
as diaryl 4,4'-diphenyldicarboxylate; cross-linking monomer; trimethylolethane tri(metha)acrylate 
of two organic functions, such as cyclohexanedicarboxylic acid diaryl and divinylbenzene, 
[0034] 

TORIMECHI roll pro pantry (meta) acrylate, penta ERIS toe RIRUTORI (meta) acrylate, The 

cross-linking monomer of three organic functions, such as Tori (meta) allyl isocyanurate. Tori 

(meta) allyl cyanurate, triallyl trimellitate, and diallyl chlorendate; the cross-linking monomer of 

four organic functions like penta ERIS toll tetra (meta) acrylate, etc. are mentioned. 

In order to raise heat resistance, hot water resistance, etc. also in this, addition of cross-linking 

polyfunctional monomer is desirable. 

[0035] 

As organic peroxide (A3) contained in the hardenability resin composition of the (A) ingredient in 
this invention, publicly known things, such as dialkyl peroxide, acyl peroxide, hydroperoxide, 
ketone peroxide, and peroxy ester, can be used. As an example, benzoyl peroxide, 1-cyclohexyl 1 
**MECHIRU ethyl peroxy 2-ethyl hexanate, 1, 1, 3, 3 **TETO lame chill butylperoxy 2-ethyl 
hexanate, 1,1-bis(tert-butyl peroxide)-3,3,5-trimethylcyclohexane, 1,1-bis(tert-butyl peroxide) 
cyclohexane, 2,2-bis(4,4~dibutyl peroxy cyclohexyOpropane, 
[0036] 

t-hexyl peroxy 2-ethyl hexanate, tert-butyl peroxide-2-ethyl hexoate, 2,5-dimethyl- 2,5-di-tert- 
butyl peroxide hexane, 2,5-dimethyl- 2,5-JI (benzoylperoxy) hexane, T-butyl peroxybenzoate, t- 
butyl cumyl peroxide, p-menthonaphtene hydroperoxide, t-butyl hydroperoxide, a cumene 
hydroperoxide, dicumyl peroxide, di-t-butyl peroxide, and 2,5-dimethyl- 2,5-dibutyl peroxy 
hexyne-3 grade are mentioned. 
[0037] 

Also in them, the thing whose decomposition temperature is 90 ** to 190 ** and whose 
activation energy is 30 or more Kcal/mol is preferred in respect of the molding cycle of a 
product, intensity, and endurance. For example, 1,1-bis(tert-butyl peroxide)cyclohexane and 1,1- 
bis(tert-butyl peroxide)-3, 3, 5-trimethylcyclohexane, 2,5-dimethyl- 2,5-di-tert-butyl peroxide 
hexane, 2,5-dimethyl- 2,5-JI (benzoylperoxy) hexane, T-butyl peroxybenzoate, t-butyl cumyl 
peroxide, p-menthonaphtene hydroperoxide, t-butyl hydroperoxide, a cumene hydroperoxide, 
dicumyl peroxide, di-t-butyl peroxide, and 2,5-dimethyl- 2,5-dibutyl peroxy hexyne-3 grade are 
mentioned. 
[0038] 

The mass ratios of the elastomer (A1) in the above-mentioned hardenability resin composition 
and radical reactivity resin (A2) are 80 to elastomer 2 mass %, and 20 to radical reactivity resin 
98 mass % (A1+A2 is made into 100 mass %). If an elastomer exceeds 80 mass %, the 
conductivity of a hardened material will fall and sheet forming nature will worsen by less than 2 
mass %. They are 60 to elastomer 10 mass %, and 40 to radical reactivity resin 90 mass % 
preferably [ it is desirable and ] to 70 to elastomer 5 mass %, 30 to radical reactivity resin 95 
mass %, and a pan. 
[0039] 

Organic peroxide (A3) (good [ to carry out 0.2-10 mass-part addition to 100 mass parts of 
elastomer (A1) + radical reactivity resin (A2) ]) contained in a hardenability resin composition It 
is 0.8 to 6 mass part still more preferably 0.5 to 8 mass part more preferably. When the addition 
of organic peroxide (A3) exceeds ten mass parts, the gas emitted by disassembly of organic 
peroxide may increase, and it may become a cause of an airtight fall of a product. In 0.2 or less 
mass part, since the crosslinking density of a product becomes low, intensity may fall, and 
endurance may also fall further. 
[0040] 

As a carbon material of the (B) ingredient in this invention, Graphite powder, artificial-graphite 
powder, end of natural graphite powder, and expanded graphite powder, carbon fiber. The mixture 
which consists of one sort as which a fiber diameter is 0.05-10 micrometers, fiber length is 1- 
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500-micrometer gaseous phase method carbon fiber, a fiber diameter is 0.5-100 nm, and fiber 
length is chosen from a 0.01-10-micrometer carbon nanotube and carbon black thru/or two 
sorts or more of combination is preferred. 
[0041] 

As for graphite powder, it is desirable for mean particle diameter to be 0.1-150 micrometers, and 
for lattice spacings (Co value) to be black lead fines of 6.745A or less, and it is still more 
preferred to contain boron. 

In order that the mean particle diameter containing boron may raise 0.1-150 micrometers and a 
lattice spacing (Co value) may improve the conductivity of black lead fines, and the restoration 
nature to resin with black lead fines of 6.745A or less, it is obtained by adding and graphitizing a 
boron compound in the case of graphitization. 

When not adding boron, if graphitized, a degree of graphitization (degree of crystallinity) falls, a 
lattice spacing (henceforth "Co value") becomes large, and the graphite powder of sufficient high 
conductivity may not be obtained. 
[0042] 

The gestalt of content of boron will not be cared about if boron and/or a boron compound are 
mixed in black lead, but what exists between the layers of graphite crystals, and the thing by 
which some carbon atoms which form graphite crystals were replaced by the boron atom are 
mentioned as a more suitable thing. What kind of bond forms, such as a covalent bond and an 
ionic bond, may combination of a boron atom and a carbon atom when some carbon atoms are 
replaced by a boron atom be? 
[0043] 

In order to obtain these black lead fines, corks are usually manufactured first. A petroleum 
system pitch, the pitch of a Carboniferous system, etc. are used, and the raw material of corks 
carbonizes these raw materials, and makes them corks. 
[0044] 

How to carry out after-grinding conducting graphitization treatment of the corks generally to use 
graphitization powder from corks, There are the method of grinding the burned product (corks 
and this burned product are set and it is called corks etc.) which added the binder to the method 
of grinding after graphitizing the corks themselves, or corks, and was fabricated and calcinated 
after conducting graphitization treatment, and powdering, etc. It is good to use the method of 
graphitizing after grinding corks etc. in this invention. What heat-treated preferably 2000 ** or 
less of corks of the raw material below 1 200 ** since it was better for a crystal not to be 
developed as much as possible is suitable. 
[0045] 

When conducting graphitization treatment of the powder, such as corks, was carried out, 
crystallization not only progresses, but the surface area of particles became small 
simultaneously and it found out that it was convenient in this point. 

For example, although the specific surface area of corks powder with a mean particle diameter of 

about 10 micrometers which ground and obtained corks is about 14m 2 /g, if this is graphitized 

above 2800 **, specific surface area will be set to 2-m 2 /g-3-m 2 /g. 
[0046] 

However, after graphitizing, when it grinds, it changes also with particle diameter, but more than 

at least 5-m /g becomes more than 10-m /g depending on the case. By the method of 
graphitizing after grinding as compared with this, since the surface was purified or smoothed 
when the rearrangement of the carbon atom was carried out and surface [ a part of ] evaporated 
at an elevated temperature when graphitized, it is thought that specific surface area falls. 
[0047] 

A high velocity revolution grinder (a hammermill, a pin mill, a cage mill), various ball mills (a 
tumbling mill, a vibration mill, a planetary mill), a stirrer mill (a bead mill, attritor, a flow conduit 
type mill, ANYURAMIRU), etc. can be used for grinding of corks etc. It is usable by selecting 
conditions also with the screen mill of a pulverizing mill, a turbo mill, a super micron mill, and a 
jet mill. It is good to grind corks etc. using these grinders, to classify powder by selection of the 
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grinding conditions in that case, and necessity, and to make it go into the range whose mean 
particle diameter is 0.1 micrometer - 150 micrometers. Particle diameter removes substantially 
the particles over 0.1 micrometer or less and/or 150 micrometers preferably, and it is made for 
these particles to become below 1 mass % preferably respectively below in 5 mass %. 
[0048] 

As for the graphite powder in this invention, it is preferred to contain boron, in mean particle 
diameter, as for a particle size, 0.1 micrometer - 150 micrometers are preferred, and they are 5 
micrometers - 80 micrometers still more preferably 1 micrometer - 100 micrometers more 
preferably. Particle diameter was measured by the laser-diffraction-and-scattering method. 
Weighing of 50 mg of the samples is carried out, and it specifically adds to 50 ml of distilled 
water, and also after adding 0.2 ml of Triton (surface-active agent) solution 2% and carrying out 
ultrasonic dispersion for 3 minutes, it measures with the micro track HRA device by Nikkiso Co., 
Ltd. 
[0049] 

As a method of classifying corks powder etc., as long as separation is possible, any may be 
sufficient, but. a part for for example, an arrow — a way — air current classifiers, such as a 
forced vortex style type centrifugal classifier (a micron separator, TABOPU REXX, a turbo 
classifier, a super separator) and an inertial classifier (advanced BACHUUARU impactor, elbow 
jet), can be used. It is usable in the wet sedimenting method, a centrifugal classification method, 
etc. 
[0050] 

In order to obtain the graphite powder of this invention, B simple substance, H 3 B0 3 , B 2 0 3 , B 4 C 

BN, etc. are added as a source of boron to powder, such as corks before conducting 
graphitization treatment, and it mixes well and graphitizes. If mixing of a boron compound is 
uneven, graphite powder not only becomes uneven, but a possibility of sintering at the time of 
graphitization will become high. As for these sources of boron, in order to make it mix uniformly, 
it is preferably preferred to make it the powder which has the particle diameter of about 20 
micrometers or less, and to mix to powder, such as corks, 50 micrometers or less. 
[0051] 

Although the higher one of the graphitization temperature of powder, such as corks including the 
source of boron, is preferred, since there are restrictions of a device etc., the range of 2500- 
3200 ** is preferred. The method of using the Atchison furnace which puts powder into a 
graphite crucible and energizes it directly, the method of heating powder with graphite heating 
elements, etc. can be used for the graphitization method. 
[0052] 

As for the graphite powder of boron content of this invention, what has good crystallinity as 
much as possible is desirable, as for Co value of the black lead structure in which the hex-steel 
surface layer was piled up, 6.745A or less is desirable, and 6.730A or less is 6.720A or less still 
more preferably more preferably. Thus, the electrical specific resistance of a cured body can be 
lowered by raising crystallization of graphite powder. 
[0053] 

Expanded graphite powder for example, natural graphite and the black lead in which the crystal 
structure developed into pyrolytic graphite equal altitudes, They are the powder obtained by 
carrying out dipping treatment to the solution of the strong acid voltinism of the mixture of 
concentrated sulfuric acid and nitric acid, and the mixture of concentrated sulfuric acid and 
hydrogen peroxide solution, making a graphite lamellar compound generate, carrying out rapid 
heating after rinsing, and carrying out expansion processing of the C shaft orientations of 
graphite crystals, and the powder which ground what rolled it to the sheet shaped once. 
[0054] 

As carbon fiber, the pitch system made from heavy oil, a byproduction oil, coal tar, etc. and the 

PAN system made from polyacrylonitrile are mentioned. 

[0055] 

Gaseous phase method carbon fiber is obtained by carrying out the thermal decomposition 
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reaction of the organic compounds, such as benzene, toluene, and natural gas, to a raw material 
at 800-1300 ** with hydrogen gas under existence of transition metal catalysts, such as 
ferrocene, for example. It is preferred to carry out conducting graphitization treatment at about 
2500-3200 ** after that. Conducting graphitization treatment is more preferably carried out at 
about 2500-3200 ** with the graphitized catalyst of boron, boron carbide, beryllium, aluminum, 
silicon, etc. 
[0056] 

In this invention, it is preferred that a fiber diameter uses 0.05-10 micrometers, and fiber length 
uses 1-500-micrometer gaseous phase method carbon fiber, more preferably, a fiber diameter is 
0.1-5 micrometers, fiber length is 5-50 micrometers, still more preferably, a fiber diameter is 0.1- 
0.5 micrometer, and fiber length is 1 0-20 micrometers. 
[0057] 

With a carbon nanotube, not only the mechanical strength but a field emission function and a 
hydrogen absorption function attract attention industrially in recent years, and their eyes are 
beginning to be further turned also to a magnetic function. This kind of carbon nanotube is called 
a graphite whisker, filamentous carbon, a graphite fiber, a super-thin carbon tube, a carbon tube, 
carbon fibril, a carbon micro tube, a carbon nano fiber, etc. The graphite film which forms a tube 
appears in a carbon nanotube further, and there are a certain monolayer carbon nanotube and a 
multiwalled carbon nanotube which is multilayers in it. Although it is both usable with this 
invention, the cured body of conductivity and a mechanical strength is obtained preferably. [ that 
it is higher using a monolayer carbon nanotube ] 
[0058] 

A carbon nanotube, for example Arc discharge process given (P23 - 57 or P1998 issue) in the 
Corona Publishing publication "foundation of a carbon nanotube", It produces with a laser 
vaporization method, a thermal decomposition method, etc., and in order to raise purity further, it 
is obtained by refining with a hydrothermal method, a centrifuge method, ultrafiltration, an 
oxidation style, etc. More preferably, in order to remove an impurity, high temperature processing 
is carried out in an about 2500-3200 ** inert gas atmosphere. High temperature processing is 
carried out at about 2500-3200 ** among an inert gas atmosphere with the graphitized catalyst 
of boron, boron carbide, beryllium, aluminum, silicon, etc. still more preferably. 
[0059] 

It is preferred that a fiber diameter uses 0.5-100 nm, and fiber length uses a 0.01-10- 
micrometer carbon nanotube in this invention, More preferably, a fiber diameter is 1-10 nm, fiber 
length is 0.05-5 micrometers, still more preferably, a fiber diameter is 1-5 nm, and fiber length is 
0.1-3 micrometers. 
[0060] 

The fiber diameter of the gaseous phase method carbon fiber in this invention and a carbon 

nanotube and the fiber length can measure with an electron microscope. 

[0061] 

The Ketchen black obtained by the pyrolysis of incomplete combustion, such as natural gas, and 
acetylene as carbon black, Acetylene black, the furnace carbon obtained by the incomplete 
combustion of a hydrocarbon oil or natural gas, the thermal carbon obtained by the pyrolysis of 
natural gas, etc. are mentioned. 
[0062] 

As for the carbon material of the (B) ingredient in this invention, it is desirable for the powder 
electrical specific resistance of rectangular directions to be low as much as possible to a 

pressurizing direction when bulk density is made into 1.5g[/cm ] 3 , it is preferred that it is below 
0.07-ohmcm, and it is more preferred that it is below 0.01 moreohmcm. If the electrical specific 
resistance of a carbon material exceeds 0.07-ohmcm, the conductivity of the cured body 
produced by hardening a constituent with hardening resin will become low, and a desired cured 
body will not be obtained. 
[0063] 

The measuring method of the electrical specific resistance of this graphite powder is shown in 
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drawing 1 a nd drawing 2 . A cradle and 4 are side frames and the electrode (+) and electrode (-) 
which 1 and V becomes from a copper plate in drawing 1 , the compression rod in which 2 
consists of resin, and 3 all consist of resin. 5 is the graphite powder of a sample. 6 is a lower end 
of a sample and is a potential tap provided in the vertical center section at space. 
[0064] 

The electrical specific resistance of a sample is measured as follows using the four probe 
method shown in this drawing 1 a nd drawing 2 . A sample is compressed with the compression 
rod 2. Electrode (+) Current (I) is passed from 1 to electrode(-)1\ Voltage (V) between terminals 
is measured with the terminal 6. At this time, voltage uses a value when a sample is made into 

bulk density 1.5 g/cm with a compression rod. It will become R=V/I if electrical resistance 
(between terminals) of a sample is set to R (omega). From now on, it can ask for electrical 

specific resistance by rho=R-S/L. [rho: The cross-section area (cm 2 ) of rectangular directions 
and L are the distance (cm) between the terminals 6 to the energizing direction of electrical 
specific resistance and S= sample, i.e., a pressurizing direction. ].Width is about 1 cm and, in the 
section of rectangular directions, the length (height) of 0.5 cm - 1 cm, 4 cm in length of an 
energizing direction, and the distance (L) between terminals is [ sample ] 1 cm in actual 
measurement. 
[0065] 

When boron is included in the carbon material of the (B) ingredient of this invention, it is 
preferred 0.05 mass %-10 mass % To be contained in a carbon material. The graphite powder of 
the high conductivity which the amount of boron makes the purpose by less than 0.05 mass % 
may not be obtained, and it is not desirable. Even if the amount of boron is contained exceeding 
10 mass %, the improvement effect of the conductive improvement in a carbon material is small, 
and is not preferred. 
[0066] 

It can be made to contain by using the boron content black lead fines of this invention 
independently, or blending with other carbon materials as a method of making boron containing. 
Into items, such as an artificial graphite, natural graphite, carbon fiber, gaseous phase method 
carbon fiber (VGCF), and a carbon nanotube (CNT), or a mixture, as a source of boron, B simple 
substance, B 4 C BN, B 2 0 3 , H 3 B0 3 , etc. can be added, and it can be made to contain by mixing 

well and carrying out conducting graphitization treatment at about 2500-3200 **. 
[0067] 

The hardenability resin composition (A) and carbon material (B) of this invention are a mass 
ratio, and are a rate of 70-5:30-95. (A) If the addition of an ingredient exceeds 70 mass % and 
the (B) carbon material becomes less than 30 mass %, the conductivity of a cured body will 
become low. (A) the rate of an ingredient and the (B) ingredient — more — desirable — a mass 
ratio — 45-5:55-95 — it is a rate of 20-10:80-90 in a mass ratio still more preferably. 
[0068] 

Furthermore, to the conductive hardenability resin composition of this invention. In order to 
improve hardness, intensity, conductivity, a moldability, endurance, weatherability, a water 
resisting property, etc., Additive agents, such as glass fiber, an inorganic fiber filler, organic 
textiles, UV stabilizer, an antioxidant, a defoaming agent, a leveling agent, a release agent, 
lubricant, water repellent, a thickener, a low profile additive, a giving hydrophilic characteristic 
agent, and a bridge construction auxiliary agent, can be added. 
[0069] 

In order to obtain the conductive hardenability resin composition of this invention, It is preferred 
to make it mix as uniformly as possible, keeping it constant at the temperature which uses the 
mixer and kneading machine which are generally used in each above-mentioned ingredient in the 
pitch fields, such as a roll, an extrusion machine, a kneader, a Banbury mixer, a Henschel mixer, 
and a planetary mixer, and hardening does not start. When adding organic peroxide, after mixing 
all the other ingredients uniformly, it is good to add organic peroxide finally and to mix. 
[0070] 

The obtained conductive hardenability resin composition is once fabricated at the temperature 
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which uses an extrusion machine, a roll, a calendar, etc. and from which hardening does not begin 
on predetermined thickness and the sheet of width, in order to obtain the separator for fuel cells 
with sufficient thickness accuracy. For example, when using an extrusion machine, after 
temperature throws in and carries out extrusion molding of powder or the massive conductive 
hardenability resin composition to the extrusion machine with the dice for sheet forming kept at 
1 00 ** from 60 **, a conveyor etc. take over. 
[0071] 

In order to fabricate thickness with sufficient accuracy more, it is preferred to roll in a roll or a 
calendar after shaping with an extrusion machine. In order to lose the void and air in a sheet, it is 
preferred to carry out extrusion molding by a vacua. A conveyor etc. take oyer, after feeding 
powder or a massive conductive hardenability resin composition into 2 rolls which rotate at the 
uniform velocity kept at 100 ** and sheet-izing it from the temperature of 20 **, when using a 
roll. In order to fabricate thickness with sufficient accuracy more, rolling in a roll or a calendar 
further is preferred after sheet-izing. 
[0072] 

The conductive hardening resin products obtained from the conductive hardenability resin 
composition of this invention, Although not limited, it is especially developed for the purpose of 
production of the separator for fuel cells, the accumulation object for cells, an electrode, or a 
heat sink, and is useful to the separator for fuel cells, the accumulation object for cells, an 
electrode, or a heat sink. 
[0073] 

When producing the separator for fuel cells, the accumulation object for cells, an electrode, or a 
heat sink from the sheet produced by carrying out like the above, the obtained sheet is cut into 
the target size, for example. Or the separator for fuel cells, the accumulation object for cells, an 
electrode, or a heat sink is obtained by piercing, arranging the sheet in one sheet or two or more 
sheet parallel in a metallic mold with a double-sided slot, or inserting in piles, and heat-hardening 
with a compacting machine. In order to acquire an excellent article without a defect, it is 
preferred to make the inside of a cavity into a vacuum in the case of hardening. In order to 
correct the curvature of a product, after hardening is the presser-foot board controlled by 10- 
50 **, and it is preferred to pressurize and cool by 3 or more MPa. 
[0074] 

It is important to embrace the kind of constituent, and to select and search for the optimal 
temperature as conditions for hardening. For example, it can determine suitably in the range of 
for [ for / 30 seconds / - ] 1200 seconds in a 120-200 ** temperature requirement. Perfect 
hardening can be carried out after hardening by giving for 10 minutes - AFUTAKYUA during 600 
minutes in a 1 50-200 ** temperature requirement. The curvature of a product can be controlled 
by carrying out by pressurizing 5 or more MPa of post cure **. 
[0075] 

In this invention, if it has the performance with which it is satisfied of demand characteristics, 
respectively as the separator for fuel cells, the accumulation object for cells, an electrode, or a 
heat sink, there will be no limitation in particular, but what has the characteristic described below 

• —9 — 

is preferred. That is, below 2x10 omegacm of volume resistivity is preferred, it is below 8x10 
omegacm more preferably, and below 5x10 omegacm is especially used for the separator use 

—9 9 

for fuel cells suitably. Below 2x10 omegacm is preferred, contact resistance is below 1x10 

omegacm more preferably, and below 7x10 omegacm is especially preferred for it. 
[0076] 

1 .0 or more W/m-K is preferred, thermal conductivity is 4.0 or more W/m-K more preferably, and 

10 or more W/m-K is especially preferred for it Below 1x10 ~ 6 cm 2 /sec of the permeability which 

is weighted solidity important as a separator for fuel cells is preferred, It is below 1x10 " 

8 cm 2 /sec more preferably, and below 1x10 ~ 9 cm 2 /sec is especially preferred. 
[0077] 

The example of the sheet with a double-sided slot was shown in drawing 3 . Generally 
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constituting a fuel cell using such a double-sided fluting sheet cured body is performed, and it 

does not need explanation (for example, JP,58-53167,A). 

[0078] 

Since the conductive hardenability resin composition of this invention can fabricate a continuous 
sheet even if it is high-filled up with a carbon material, it is the optimal as a composite material 
etc. of the field of which thickness accuracy is required, for example, electronics relation. Since 
a very highly efficient thing is obtained in that the cured body can reproduce the conductivity 
and thermal conductivity of black lead infinite, and it excels in heat resistance, corrosion 
resistance, molding accuracy, etc., It is useful for each use, such as several kinds of parts, such 
as an electronics field, electrical machinery, machinery, and a vehicle, and is especially 
mentioned as a suitable material for materials, such as a separator for fuel cells, an accumulation 
object for cells, an electrode, or a heat sink. 
[0079] 
[Example] 

Although an example explains this invention still in detail below, this invention is not limited to an 

example at all. 

[0080] 

The used material is shown below. 

(A) Ingredient (hardenability resin composition) 
A1: Elastomer 

NBR1 (acrylonitrile-butadiene rubber; Nipol DN003 by Nippon Zeon Co., Ltd., Mooney viscosity 
(ML 1+4 (100 **):78)) 

NBR2 (acrylonitrile-butadiene rubber; Nipol 1312 by Nippon Zeon Co., Ltd., Mooney viscosity 
(ML 1+4 (100 **): since it is liquefied, measurement is impossible)) 

EPDM (ethylene propylene diene rubber; EP25 by Japan Synthetic Rubber Co., Ltd., Mooney 
viscosity (ML 1+4 (100 **):90)) 

SBR (styrene butadiene rubber; SL574 by Japan Synthetic Rubber Co., Ltd., Mooney viscosity 
(ML 1+4 (100 **):64)) 

[0081] 

A2: Radical reactivity resin 

ALE (allyl ester resin; AA101 by Showa Denko K.K.) 

VE1 (vinyl ester resin; the Showa High Polymer Co., Ltd. make, prototypes, 5 % of the weight of 

phenol NOBORAKU system diallyl phthalate content; viscosity 2.1 (Pa-sec, 80 **)) 

VE2 (vinyl ester resin; Showa High Polymer Co., Ltd. make H-600) 

UP (unsaturated polyester resin; U-Pica 5836 by Japan U-PiCA Co., Ltd.) 

[0082] 

A3: Organic peroxide 

DCP (dicumyl peroxide; park mill D by Nippon Oil & Fats Co., Ltd.) 

(B) Ingredient (carbon material) 

B1: Boron content black lead fines were obtained by the following methods. 
[0083] 

It is a pulverizer about the LPC-S corks by Nippon Steel Chemical Co., Ltd. (henceforth "the 
corks A") which are non-needle coke (********). Coarse grinding was carried out to the size of 
2 mm - 3 mm or less by the [Hosokawa Micron CORP. make]. This coarse-grinding article was 
pulverized with the jet mill (IDS2UR, Product made from Japanese pneumatic one). 
[0084] 

Then, the classification adjusted to desired particle diameter. Particle removal of 5 micrometers 
or less performed the air current classification using the turbo classifier (TC15N, product made 
from Nissin Engineering). 0.6 kg of boron carbide (B 4 C) was added to some of this adjusted 

pulverizing article [ 14.4 kg of], and it mixed for 5 minutes at 800 rpm with the Henschel mixer. 
This was enclosed with the with 40 cm in inside diameter, and a capacity of 40 I. graphite 
crucible with a lid, and it put into the graphitizing furnace using a graphite heater, and graphitized 
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at the temperature of 2900 **. Powder was taken out after cooling this radiationally and 14-kg 
powder was obtained. The obtained black lead fines were the mean particle diameter of 20.5 
micrometers, a lattice spacing (Co value) of 6.716 A, and B content 1.3 mass %. 
[0085] 

B-2: The black lead fines which do not contain boron were obtained by the following methods. 
Coarse grinding of the corks A was carried out to the size of 2 mm - 3 mm or less with the 
pulverizer. This coarse-grinding article was pulverized with the jet mill. Then, the classification 
adjusted to desired particle diameter. Particle removal of 5 micrometers or less performed the 
air current classification using the turbo classifier. This was enclosed with the with 40 cm in 
inside diameter, and a capacity of 40 I. graphite crucible with a lid, and it put into the graphitizing 
furnace using a graphite heater, and graphitized at the temperature of 2900 **. After cooling this 
radiationally, powder was taken out and black lead fines were obtained. The obtained black lead 
fines were the mean particle diameter of 20.5 micrometers, a lattice spacing (Co value) of 6.758 
A, and B content 0 mass %. 
[0086] 

UFG:artificial-graphite; — Showa Denko K.K. make UFG30 

EXPiexpanded graphite; — Japan black lead industrial incorporated company make EXP-50EL 
VGCF(Showa Denko [ K.K. ] registered trademark): Gaseous phase method carbon fiber; Showa 
Denko K.K. make VGCF-G (the fiber diameter of 0.1-0.3 micrometer, 10-50 micrometers of fiber 
length) 

CNT: The carbon nanotube was obtained by the following methods. 
[0087] 

On a graphite stick 6 mm in diameter, and 50 mm in length, along with the medial axis, a hole 3 
mm in diameter and 30 mm in depth was made from the tip, rhodium (Rh):platinum (Pt)igraphite 
(C) was stuffed into this hole as powder mixture of the wt. ratio 1:1:1, and the anode was 
produced. On the other hand, the negative pole 13 mm in diameter and 30 mm in length which 
consists of graphite of purity 99.98% was produced. 
[0088] 

The placed opposite of these electrodes was carried out to the reaction vessel, and it connected 
with DC power supply. And the inside of a reaction vessel was replaced by gaseous helium of 
99.9% of purity, and DC arc discharge was performed. Then, the soot (chamber soot) adhering to 
a reaction vessel wall and the soot (negative pole soot) deposited on the negative pole were 
collected. The pressure and current in a reaction vessel were performed by 600Torr and 70A. 
During the reaction, it was operated so that the gap between the anode and the negative pole 
might always be set to 1 -2 mm. 
[0089] 

Water and ethanol put in the mixed solvent of 1:1, carried out ultrasonic dispersion, collected the 
dispersion liquid, and, as for the collected soot, removed the solvent with the rotary evaporator. 
And after carrying out ultrasonic dispersion of the sample into the 0.1% solution of the 
benzalkonium chloride which is a cationic surfactant, it centrifuged for 30 minutes at 5000 rpm, 
and the dispersion liquid were collected. It refined by heat-treating the dispersion liquid in the 
350 ** air for 5 hours, and the fiber diameter obtained 1-10 nm, and fiber length got a 0.05-5- 
micrometer carbon nanotube. 
[0090] 

The measuring method of the physical properties of a cured body is shown below. 
Volume resistivity : 

Based on JIS K7194, it measured with the four point probe method. 
[0091] 

Contact resistance value : 

The specimen 21 (20mmx20mmx2mm) and the carbon board 22 (1.5x10 ~ 3 omegacm, 
20mmx20mmx1mm) are contacted with the device shown in drawing 4 . it is inserted with the 
copper plate 23, and the load of 98N is added. And the constant current of 1 A was sent through 
the penetrating direction, and resistance was calculated by contacting the terminal 24 to the 
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interface of the specimen 21 and the carbon board 22 f and measuring voltage. The cross-section 
area which touches was integrated to the value, and it was made it with the contact resistance 
value. 
[0092] 

Flexural strength, the rate of bending flexibility, and bending strain : 

Based on JIS K691 1, the specimen was bent and 64 mm of Sepang intervals measured it with 
the three-point type flexural strength measuring method on condition of speed 2 mm/min. 
Specimen size was performed at 100x10x1.5 mm. 
[0093] 

Thermal conductivity : 

With the laser flash method (t 1 y the 2 method, and laser flash method thermal constant 

measuring device LF/TCM FA 851 0B physical science electrical-and-electric-equipment 
company make), the specimen (phMOmm, thickness 1.7 mm) was measured among the 
temperature of 80 **, and a vacuum on condition of irradiation light ruby laser radiation 
(excitation voltage of 2.5 kV). 
[0094] 

Gas permeability : 

Based on the JIS K7126 A method, it measured using helium gas at 23 **. 
[0095] 

Sheet forming nature : 

Sheet forming of the hardenability conductive resin composition was switched on and carried out 
using 1 0-inch 2 rolls on with the roll temperature of 60 **, the gap width of 2 mm of a roll, and a 
number of rotations of 15 rpm conditions, and the moldability and appearance were evaluated. 
[0096] 

Boron content in a carbon material : 

It measured using the inductively-coupled-plasma-source-mass-spectrometry device (ICP-MS) 

(product made from SEIKO electron SPQ9000). 

[0097] 

Profile irregularity : 

The surface of the sheet cured body was uniformly divided into 16, each central point was 

measured in a micrometer, and it computed from those averages. 

[0098] 

Examples 1-15 

Using the pressure type kneader (capacity: 1L), Examples 1-15 were with the temperature of 70 
**, and a number of rotations of 40 rpm conditions, supplied the elastomer component first and 
performed the mastication for 1 minute. Next, radical reactivity resin and a carbon material were 
thrown in, it kneaded for 5 minutes, DCP was supplied after that, and it kneaded for 2 minutes, a 
constituent — 80vol% of kneader capacity — the whole quantity was adjusted so that it might fill 
up. After kneading the constituent using 10-inch 2 rolls on condition of with the roll temperature 
of 60 **, the gap width of 2 mm of a roll, and a number of rotations of 15 rpm uniform rotation, 
The 2-mm-thick sheet was fabricated, the sheet was cut and fed into the metallic mold which 
can do a 100x1 00x1. 5-mm plate, it hardened for 5 minutes under the application of pressure of 
the die temperature of 170 **, and 30MPa using a 50t compacting machine, and the cured body 
was obtained. 
[0099] 

Comparative examples 1-2 

Using the pressure type kneader (capacity: 1L), the comparative examples 1-2 were with the 
temperature of 70 **, and a number of rotations of 40 rpm conditions, supplied the elastomer 
component first and performed the mastication for 1 minute. Next, radical reactivity resin and a 
carbon material were thrown in, it kneaded for 5 minutes, DCP was supplied after that, and it 
kneaded for 2 minutes, a constituent — 80vol% of kneader capacity — the whole quantity was 
adjusted so that it might fill up. The kneaded material was fed into the metallic mold which can 
do a 100x1 00x1. 5-mm plate, it hardened for 5 minutes under the application of pressure of the 
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die temperature of 170 **, and 30MPa using a 50t compacting machine, and the cured body was 

obtained. 

[0100] 

Comparative example 3 

Using the pressure type kneader (capacity: 1L) f the comparative examples 3 were with the 
temperature of 70 **, and a number of rotations of 40 rpm conditions, supplied the elastomer 
component first and performed the mastication for 1 minute. Next, radical reactivity resin and a 
carbon material were thrown in, it kneaded for 5 minutes, DCP was supplied after that, and it 
kneaded for 2 minutes, a constituent — 80vol% of kneader capacity — the whole quantity was 
adjusted so that it might fill up. After kneading the constituent using 10Hnch 2 rolls on condition 
of with the roll temperature of 60 **, the gap width of 2 mm of a roll, and a number of rotations 
of 1 5 rpm uniform rotation, The 2-mm-thick sheet was fabricated, the sheet was cut and fed 
into the metallic mold which can do a 100x100x1.5-mm plate, it hardened for 5 minutes under 
the application of pressure of the die temperature of 170 **, and 30MPa using a 50t compacting 
machine, and the cured body was obtained. 
[0101] 
Example 16 

Using 10~inch 2 rolls, the 1.7-mm-thick non-hardened sheet was fabricated on the roll 
temperature of 60 **, the gap width of 1 .7 mm of a roll, and the conditions of uniform rotation 
with a number of rotations of 1 5 rpm, and the constituent first used in Example 1 was cut into 
the size of 280x200 on them. Next, the sheet was fed into the metallic mold which can fabricate 
the plate where the slot of a 1-mm pitch is made to both sides in the size of 280x200x1.5 mm, it 
hardened for 3 minutes under the application of pressure of the die temperature of 170 **, and 
60MPa using a 500t compacting machine, and the sheet cured body with a double-sided slot was 
obtained. 
[0102] 
Example 17 

Using 60phi single screw extruder, on with the temperature of 60-90 **, and a number of 
rotations of 40 rpm conditions, extrusion molding of the non-hardened sheet 1.8 mm in thickness 
and 70 mm in width was carried out, and the constituent first used in Example 1 was cut into the 
size of 200x70. Next, in the size of 280x200x1.5 mm, the slot of a 1-mm pitch arranged four 
sheets of the sheet in the metallic mold which can fabricate the plate made into both sides, and 
fed it into it in parallel, it hardened for 3 minutes under the application of pressure of the die 
temperature of 1 70 **, and 60MPa using a 500t compacting machine, and the sheet cured body 
with a double-sided slot was obtained. 
[0103] 
[0104] 

Comparative example 4 

The constituent used in Example 1 is ground using cooling mold WIREMIRU (made by Yoshida 
Dental Mfg.), In the size of 280x200x1.5 mm of the powder, the slot of a 1-mm pitch put in order 
in parallel the sheet cut into the metallic mold which can fabricate the plate made into both 
sides, and threw it in, it hardened for 3 minutes under the application of pressure of the die 
temperature of 170 **, and 60MPa using a 500t compacting machine, and the sheet cured body 
with a double-sided slot was obtained. 
[0105] 

Comparative example 5 

The constituent obtained by the comparative example 2 is ground using cooling mold WIREMIRU 
(made by Yoshida Dental Mfg.), In the size of 280x200x1.5 mm of the powder, the slot of a 1-mm 
pitch put in order in parallel the sheet cut into the metallic mold which can fabricate the plate 
made into both sides, and threw it in, it hardened for 3 minutes under the application of pressure 
of the die temperature of 1 70 **, and 60MPa using a 500t compacting machine, and the sheet 
cured body with a double-sided slot was obtained. 
[0106] 
Example 18 
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Example 1 8 measured the physical properties at the time of using the sheet cured body with a 
double-sided slot of Example 16 for the separator for fuel cells. 
[0107] 
Example 19 

Example 1 9 measured the physical properties at the time of using the sheet cured body with a 

double-sided slot of Example 17 for the separator for fuel cells. 

[0108] 

Comparative example 6 

The comparative example 6 measured the physical properties at the time of using the sheet 
cured body with a double-sided slot of the comparative example 4 for the separator for fuel 
cells. 
[0109] 

Comparative example 7 

The comparative example 7 measured the physical properties at the time of using the sheet 

cured body with a double-sided slot of the comparative example 5 for the separator for fuel 

cells. 

[0110] 

[Table 1] 
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[0111] 

Even if high-filled up with the carbon material, good sheet forming was made by adding the high 
elastomer of Mooney viscosity, as shown in Table 1 . When there was no elastomer and it added 
80 mass % Over the carbon material, the kneaded material became only a compound of powdered 
voice. In the comparative example 3, when there are many additions of an elastomer, it turns out 
that conductivity falls. 
[0112] 
[Table 2] 
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[0113] 

When boron contained in the carbon material as shown in Table 2, it turned out that a 
conductive high cured body is obtained. 
[0114] 
[Table 3] 
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[0115] 

It turned out that the plate of the separator shape for fuel cells with gas impermeability good 
profile irregularity (thickness accuracy) and sufficient is obtained by sheet press forming as 
shown in Table 3. 
[0116] 
[Table 4] 
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[0117] 

When the sheet cured body with a double-sided slot obtained by sheet press forming was used 
for the separator for fuel cells as shown in Table 4, it turned out that the military requirement is 
fully filled. 
[0118] 

As mentioned above, the conductive hardenability resin composition of the purpose which could 
be high-filled up with the carbon material and was excellent in sheet forming nature is ****** by 
adding the high elastomer of Mooney viscosity. By obtaining the constituent which combines high 
conductivity and heat dissipation nature, carrying out sheet forming of it using an extrusion 
machine, a roll, a calendar, etc., and hardening by press forming, if the carbon material containing 
boron is used as a filler, The separator for fuel cells of the large area was obtained with thin 
meat excellent in gas impermeability and profile irregularity. 
[0119] 

[Effect of the Invention] 

Since the cured body is excellent in conductivity and heat dissipation nature, the conductive 
hardenability resin composition of this invention, Conventionally, realization can apply to a 
various application and parts, such as the material of the difficult field, for example, an 
electronics field, an electric product, a machine part, and vehicle parts, widely, and is especially 
useful as a raw material for separators of fuel cells, such as a polymer electrolyte fuel cell. 
[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the measuring method of the electrical specific resistance of 
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graphite powder. 

[Drawing 2] It is a figure explaining the calculation method of the electrical specific resistance of 
graphite powder. 

[Drawing 3] It is a figure showing an example of a sheet cured body with a double-sided slot. 
[Drawing 4] lt is a figure showing the measuring method of the contact resistance of a cured 
body. 

[Description of Notations] 

1 Electrode (+) 
1 ' electrode (-) 

2 Compression rod 

3 Cradle 

4 Side frame 

5 Sample 

6 Potential tap 

11 Specimen 

12 Carbon board 

13 Copper plate 

14 Terminal 



[Translation done.] 
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[ 0 0 15] 

[ 4 ] ' (A 1 ) f$.ft-<D J. 7 X h t- 7?>jn;Mjji-7?yi> r/A , TkSHfc- h 'J 
)PJA, x ^- > "7* * v -x > rf a , xf i/>7'nt'i,>a'A, .x > y o kf u > ^ > 

A % 7 ^'J J^AS^r^ vxy 3-A^t>iS»J: 11, i li 2 i«M CO 

£ fc t4±E [2] f fc <4 r 3 1 jllE*«>i*mttflMt13:#l»« 

[ 5 ] ( A 1 ) $Lfr<Dx- 9 X- h T * n ^ h 'J ju 7 9 '/x > n'A , tKSHI:- b 

'J J* y l/>7^yxy^A, -x-^vvyob'u^rfA, xf 1/ > tf u > ->* x 
>=X*t#^ASD f -/^ v?i>^A*»«)4 4»J: f)SJ4*tu-5 1 tt i {± 2 31 tJl ± <D iffl. 
£ ±15 [4] lCK«0*«tt«fttt#IIBaJffi». 

[6] (A 2) ffifl-W^y^^Rgttte^, ^fift^ijx^f A>»M, fc--)lxxf 
flJtffij 7 'J J.* f **»HB, 2 k g ^ 7 2 k - fcJUL 7^^K»IB. -/7'J»7» 

w->«tii. i . 2 - gg *j 2! g >JBJi^± <b«tfti& i a g fc t4 2 mq±<D®.<k&t> 

bt:&Wib-t&±t& T23 £ fc (4 [3] ijZUm^mMMMJ^MMMMMs 

[00 1 6 J 

[7J (B) S^wiStJ^, ASIIS«, ^^H«&#*, 

> £St»i2t, «&M2tf s 0 . 05-10/i mT*& 0 HKItftA* 1 - 5 0 0 /i m O ^ *B & #t ?$t «t 
*6,8Htgrt s 0. 5 ~ 1 0 0 nm-?£>0iS*tSrt*0. 0 1-1 0 M m<r> * - > S a. 

- -7 7 y 9 h & h W 4 •) »tf*L4 1 fi * fc 14 2 tt Jil ± e> 
£ t *-#«fci-i±IE [1] [4] OV>f *L:&»KKtt«>i*mttflHl: 

[ 8_] ^P^jfeS 0 . 1-1 5 0,um te^fWRS (Cot) 6 . 7 4 

5 A^TOJH»«»-C*4±|B [_7_] »:|B«Oi»*ttfl|'ffctt#ieaj«!» 0 
[0017] 

[9J (B) JK^OjK**!-*!-**. 1 . 5 g / c m 3 t * h 4 ? UiPffi L tztkB K 

43V>T, inE^I^]lc*t LK^^|6](7)^*SMJtlgtn:^ 0 . 0 7 (1 c mttfe** i t 
at1"4±iB [1] &v>L [8J Ov»-r^*UE*0**tt?Sfbtt#ltjBlft»o 

[0018] 

[ io ] ±ie [i] fcv>L ov»-r*t*»uie«o**ttiafbttitJiBiiaj«»*fflv»"cja 
±re [i] ^v>l [_9_] v>\,*irtifrizfrm<nmn&mitiimm&tfL®i:wm& 

ltt4*«ft">- bO$!Sjt?j£ 0 

[ 12 ] ±fe [ 11 ] »CE«OSiS^fttcJ: *)«jtS*tT***fl|ftv- bo 
[0019] 

[ 13 ] ISO. 5-3m m> tl2 0- 3 0 0 0 mraf*4±!fi [ 12 ] i:Ei<^*S<t 
•>-K 

[ 14 1 ±12 [ 12 ] 4^J4 [ 13 1 UMO*flHfcv- b y b t fclifT*>tt& % 
fO-> - b 4;4Srti:ffi» L> E*jfcJ&«-CSfc«fl:S-»i:<& £ £ £ ft Wl t -f * ft £ v - h 

[ 15 1 M-®X{4M1S?«# § ^ffl Srffl^±|E [ 14 ] l-|E«OSSii^ffi tc 4 0 IS it $ tt 

[ 0 0 2 0 ] 

[ i6] ±e [ i2 ] ££(4 [ 13 1 {zf£,m<D&witis- h zmitLTnbnzm®mm 
m-t/tu - 9 o 

[ 0 0 2 3 ] 
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*«wuu^t4 (a) j&fr<DWit&mm&& i ®}tp^^$i%z^7 a (ad tu 

li, 7^Jn^fj^7^yx>iA, t(c ^ ft - h V ;i/ rf a , *^u>r?~>*.x>=fA N 
xf 1/ 1/ > n'A, jl^ U > y n \£ v > V x- > H tc ^ =f A % xf l/>7^yx 

> rf A , 77|^A, T y* ! J ;l/ rf A . 7^ yx> n'A 
, ^ «f * f- P > =T A , ? u n V > rf A , ^U^>rfA. <jf U .x - -r )V & rf a , Eg 7 
v it jr. + u > • 7" u \Z v > zf A , x^nnnFr/^A, y ;i/ # ;i/ * > zf a , y>?- )\,zf 

{ 0 0 2 4 ] 

tft, »y\14, 1**14, iDXttOffi-C, T y* 'J n ~ h ij a, -f * V 3- > rf A , **ffc - b 

'J rf A , l/^T'^yx^d'A, xf l/>*/n fl/>^A, xf l, > 7 P n t: 1/ > y x 10 

> n*A , 'f 'J x — 7" =f A , xh^nnt K'J> =fA **» i L < , iz ii , 7 9*) 
n - h'J;l.7^yx>^A, * ^ ft - h V ^ =f A % ^ f 1/ > ^ y x / 3* A , jh ^ ^ > -f 
neix>rfA, x f- 1/ > t° 1/ > y x > ^ A , r * v i > :/ A "C * * 

o 

I 0 0 2 5 J 

k & it & (a) j&53-<D®-(fci4ftfjit;&j&t>* nz, j. 7 * b (ai) i4A- 
--ttK (ml 1 + 4 (loot:) ) #2 5 &±-e* 13 , l L < i± 4 0 ti±, $ t> 

L<li5 0Jjl±-e*4, A ( M L 1 + 4 (lOOt) ) rt f 2 5 JGJl T 1M± , Rflt 

v- h **ttftu:tt& LIS < * *o 
[ 0 0 2 6 ] 

A ---ttJK^«05e«± J I S K 6 3 0 0 HH6«L, A ---«i«ai5g« AM-1 («c 
3Jt*a*#«HH«flsjJf«) *fflV*Tiffl5£T£*.ML 1+4 (lOOt) OMIiA-i-tt 
J&£, L 11 a - * - L M Sr , i + 4 «±> fllB01&in-j--«)ftillH4» 

Sr, (lOOt) lii^tfiSO 1 0 0 t^fti?fiiLTv^ 0 
[ 0 0 2 7 ] 

#»9iKi5tta (A) JS^oW<ktt#JBiaJSI&*t:-S-* 9 * ^K»£tt#IS. (A 2 ) 

^-g-^ i &&tm<r> r )v * )i>m. *^ttmm, *>& ^\t%<7>mnei&&L®-eh2>o mz. if, ^» 30 
tn 1 as 2 tt«&±oa*!»a*#fe»rfb*v*o 

[ 0 0 2 8 ] 

Sr*^*i&tc t ^mmtmi lv>, ^ja if , t*x7iy - xx x^-^ t* 

^ v - MtflS^ ^t-S-tf fe'oii, »tttt. »*p d p14, i»^7K1±*|fi]±^-^ i t ^r- ut 

tfc 1, 2 r ^ -;x ymmaHLmiz-mm-kz^i tt^mfre>mm&. mm&& 40 

[ 0 0 2 9 ] 

MBj(ci3v>TI±, (A) ^^-<7)^ib14#flia*^<7)^53- t L T , ±IE<7)«53- (Al) , 
(A 2) BL*H:if-^*, r •) o^fiartg^t^tti 7 ->* * ^RiStt* y -7 

4 O 

[ 0 0 3 0 ] 
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- K 7 * 9) 7 9 U U - b , 2-xf;K*vil/ ( ^ 9 : ) 7 i"J 1/ - K * * 
^ ( ^ * ) 7?^-K K r* v >U ( ^ * ) 7?H-F, * * * 7* v A> 9) 7 9') 
U - b , is ? u is )l 9) 7?'JP-K >f jl/y^OA^yji, ( ^ ^ ) 7^'JV 

- h co 7 ;u * ;u ( > * ) 7?'J1/-K7xi^ ( ^ * ) 7 ^ «J - K ^>v;i/ ( y 

* ) T ^ y l" - b , 1 - * 7 )\o 9) 7^'JP-K 7 ;u * u 7 ^ ~ ;l/ ( ;* * ) 7 9 
y 1/ — K ^ n n 7 a. ~ ;u ( ^ ^ ) 7^n-K y7; 7x-ib ( > ? ) 

, ^h^i/-7^^;b ( * * ) 7 > 'J 1/ - K If 7 x ^ ^ (* 9) 79VV-Ym<D79V 
^ * t- ;V ; 7 & * n ^ ^ ;i/ * ) 7>'JI/-K ^ n n y ;p ( >* * ) 7 ^ 
ijlz - 0;nd7JK^ ( * ) 7^'JKK y'Jyyib ( * * ) T * y V - b , 7 
iHiP7U (> * ) 7 ^ 'J 1/ " K a-vTyT^yjURi^x/U^M^fc&o 10 
[ 0 0 3 1 ] 

> X ;u * > K > 4-tFn*y^f l/>, \£ - ;u b ;i/ jl > ^ £ ^ If & £ <k T £ & 0 
[ 0 0 3 2 1 

t LTii, x*- v > y y 3 - ;u v ( y 9 ) 7?n-K v 
xf i/>^»j3-^y ( * 9 ) 7^U-K MJxf i/>7'j3-;py ( * ) 7 9 y ) 
U - b , f h?xf n-;i.y ( ;* * ) 7?'Jl^-h, b y 7 n fc? U > ^ y u - ;l/ 

v ( * 9 ) 7^'JI/-K 1 , 3 - 7 f- V > y y 3 - ;U v ( ^ * ) 7 ? 'J 1/ - h , 1 , 4 20 

- 7 ^ > v* - ;v v ( ^ ? ) 7^ 1 Jl/-F, 1 , 5 - ^ > ? v * - ^ v ( * * ) 7 9 } ) V 

- b . 1 , 6-^* + y*-^y ( * * ) 7?'Jl/-K * * > 7- V y 3 - ;i/ v (> 

* ) 7^'JV-h> t^x^f*? 9) 7 9 y V - b , # 'J 7 * v i > v ( * * ) 
7 * y U - h . 

[ 0 0 3 3 ] 

2, (4 - ( ^ 9 ) 7 9 u <i )V * * is 7 jl ~ )V) 7 n > , 2, 2-lfX (4 

- w - (^^) 7^Jo^n + yt:>JxKy) 7xx^) 7n/N°>, f C0y T 
9 } ) is — h ; 7?^|y7'J;K 4 y 7 9 fr&Z/ 7 y >u ^ >(V7^i/|[y^7y;K -r 
l/7?/Hy7'J^, 2 , 6-t7^l/>y*J^f>Ky7'J;P, 1 , 5 - ^ "7 ^ U > v 

^ )\s ^ >S'/7 y ^ ^ 1 , 4-^yl/>y*^*>i7'JiV, 4 , 4 ' - is 7 x. — )V v ^7 30 

# >Sy7 y )^m<n^^m * )^ # >K v t y ;m ; y^nA + t > v * )v # >mv7 y 

;p , v tf xi ;u ^ > 4f > , ^ <T> ~ f V> 14 * y -7 - ; h y ^ ^ n - ^xr/h'J ( * 9 

) r * y V - k 

[ 0 0 3 4 ] 

PJ^f n-;i/yn/OMJ ( ^ ^ ) 7 9 } ) l> - V , ^ > * ^ y ^ h - y h y ( ^ ^ ) 
7^Jl/-K ^ ) 7'JiMVy7^-K by 9) 7 *) is 7 Z \s - b 

, b y t y ;i/ b y ^ y t- - b , V 7 y ;i/ ^ n p > -r - b ^ooH-g tg o^^14^e y ^ - ; ^ 
^x-jxF-^f 7 ^ y b <DX n ^IZSW tgo^«14^y -^-m&mif 

h ti 2> o 

[ 0 0 3 5 1 

^%0^t^i3tt^ (A) «^05I>fl:141»llgffi^^^(C^J tiZ^mMWiit® (A3) t LT 
t± , if 7 )V * ;u /< - ^- + -9- «f K , 7 v ;U -9" ^ K , Kn^-t^^/f K , *r b 

* b\ A-t^yx^f;^Oi^0^^fflv^IH 5 t^ 0 *ft:^J t 

L X (± . ^V/O^-t + t'f K, 1-y^UA+y^ - 1 - y )U jc ^ ;V /n" - * + v 
2-^^;b^^r*9-^-b, 1, 1, 3, 3 - r^^f )^N'-t + y2-xf ;k 

^ - b , 1, 1 - tf >\ (t-7^^/N 0 -^ + v) -3, 3, ^y^OA 

* > , 1, 1 - tf 7s (t--rf^^-* + y) v ^ n ^ * > . 2, 2 - tf 7s (4, 4 
-y^f Jl/A-* + yy?OA^y^) -f u ^ > . 50 
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[ 0 0 3 6 ] 

t - A + y)i/^-t + y- 2 - xf ji/A + f^.- K t -7"f 2 - )V 

/\ * * - h , 2 , 5 - v ^ * - 2 , 5 - v ( t - "7* ;i/ - * * v ) ^ 4r -9" > , 2 , 
5-y^f^-2, 5 - v ('«>'/'f */<-t#v) ^ # * > , t - 7f - t4 V 

t - T ^ ;u ^ 4 Kn^-t + t-f K , ^ j< > ^ Kn/?-ttt'f K , v ? 5 ^ - * * 
•9" 4 K , v - t - ? ;U /< - * * -9" 4 K , 2 , 5 - v ^ )\> - 2 , 
-> ^ * v > - 3 « If ib *i 4 o 
[ 0 0 3 7 ] 

Ztl h cocfi -e *> , 9 0t*f)l 9 0t« ffi14fb^ * 3 0 K c a 1 / m 10 

0 1 Jil-ht 5 ** 4wii i !!.'ioSi*'f »y\14o®-e$f- * Lv>„ 0Ox.lf. l , 
1-tfJ* ( t + -> * n *n * -9- > , l, l-kf* ( t -7 )V - Or * 
v ) - 3 , 3 , *y?nA4f>, 2 , 5 - v * f- A- - 2 , 5 - v ( t - 7* 
f-JV^'-t + y) 2, 5 - V * f- ^ - 2 , 5-v ( ^ > ^ - * 4f v ) ^ 

^t'y, t-rfn-A-t + y^yy-x-h, t - -r iv ? = ivA- ■* 4 K , p-* 

y 9 > 'f KnA-t + t-f K , t - 7' ?- )V /> -i Kn^-^ + t^f K „ ^ p< > /n -i K n /•? 
-t + t^K, U/*-***^ K, y-t-rf^-t + t-f K, 2 , 5-y^ 

/U - 2 , 5 - V f + )V >* - * * is ^ * v > - 3 * »f <b ft Z> „ 
[ 0 0 3 8 ] 

±EO«fttt#»iiaift»UiJtt * ^7* F7- (Al) i5v**^RlStttl (A 2) O 20 
KfiJt l±, 17^7-80-2 S*%> 5 v * * EL &&mm 2 0 - 9 8 S*% 4 ( 
A1+A2U 0 0 gfi% tti) o -^5 * h T-rt 5 8 0 g*% WikywmW, 
tt#ftTU 2 St%*S!Tliy - h Jft^ttd** < # t L < li J- 9 X h t - 70- 

5Sf %, 7y*JH£tt«)l3 0-9 5Si%, ? f> Cfffi L { lix 7 X f 7- 6 0 - 

1 0®fi%, 7 ^RJc.tt«ri& 4 0 - 9 0 ®S;%^&£o 
[ 0 0 3 9 ] 

BEffcttflUBiiftjsw* us-s *ta mmmwatW) (A3) i± (^.^xt--^- (ad +5-7* 

*El£tt»ll (A2) Ol 0 0Rf»i:*fLT, 0. 2 - 1 0 RiMinl" h <D *» «fc v> 0 
i^ff^Uli, 0. 5 - 8 gig|S, ££>K£F£L<(±0. 8-6«i8T*J. *T«iA 
HUfc* (A3) OiSsflOitf* 1 0 SiSPSreA * i: % &®tMmit%5<Dfrmi~ £ *) 4 30 

^^*i*0L, ^ B a pO^:^14fg:T<omH t tt i> Z t & *> Z> 0 ttz, 0. 2*i»JaTtli, 

[ 0 0 4 0 ] 

^%H^ { ci3(t4 (B) J&53-0£t??f*t«- 1 LTIi, I^t*, A^H^S^*, ^^H«&^* 
, B^RHiS^*. iKS^O • 0 5-1 0//mt*t) IK It ft ^ 1 - 5 0 0 ^ m 

<7)^iffeR«ai^> ««IS7> ? 0 . 5 - 1 0 0 n m-C* »)lttjHlft4<0 . 0 1-10/. m CO * 
- >-K > 9- 7 f- * - "7\ Xtf * - # > 7 5. v f 3** <b jgif *i£ llftva2l£l±fl)a*tt» 

[ 0 0 4 1 ] 

Mtw, «R#»5tili 0 . 1-1 50/iin, ftfHH (Col) #6. 7 4 5 A£l 40 

* -7*^-^*1-4, ¥J^S^^0 . 1 - 1 5 0 M m, fe^-fflm (C ott) 3^ 6 . 745A 

^ £ n #& -ft o m k m ta t x m i& -ft i- 4 £ t r- » h n 4 0 

*-)t«:iiiDLiv>*^, m.i&it-ti t m%sitm (m&itm) &?®m c jsjlt 

re oIJ tv>% ) &± § < 4 i) , 4 ***1tO 

o 

[ 0 0 4 2 ] 
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£ titz *> <nrf£ <0 ft m ft i> <n t Lxmif h tiZ> o isfc, J^mJ^^-O — «*« 

[ 0 0 4 3 J 

fc*t=j±, a^ii^fe-fn - ? x £ggjti-* 0 3 - * x<r>mmi.^m%kv 

[ 0 0 4 4 ] 

3 - * xt5> <bji#&fi:»*u-t-4 tc i±-«e<)(c 3 - ? * *»»»iR»'ftaai- 3 - 

b^MAA ( 3 - * * StfCl OKAS ££-;b-£T 3 - * xlf t v> o ) &jgiltt4l:fe31&&tt 10 

Lx&nt-t- zjjmmtf&z o ^n^-cii, 3 - * xmzffiftmm§siti- *> ?5&*m^z> 

<Dtf X v>„ J^#0 3 - ? X#|±-C # £ fi Itig S Ol&jt U v» 4 v>2f tf* J: V><DT> 2 0 0 0 

■car, # * l < i± 1 200 r w t t? uniua a Ltt o^«i-* 0 

[ 0 0 4 5 ] 

fllxif 3 - * X LX&tz¥-#J%L&i& 1 0 ^ 3 - ? ^ t*^)Jt«ffiilift 1 4m 

Vgt*4^ :tiH 8 0 0 tJai-CHi&ffcl-*. t , JtfEiBflUi 2mVg~3m 2 / 

g t ft £ o 

[ 0 0 4 6 ] 20 

L*L, m^it U <b#5* t fc»£-Kli, tii:ioTl)I^i*\ ^ft < t 5 m 2 
/ g W.±> i^Ciotlil 0m 2 /gW±iift£ o - tuicJt^LT, S-^fiLtcHip-fbl- 

o 

1 0 0 4 7 ] 

- # 5 * , * - - 5 9 n > 5 1U , v * -7 h $ ^ -C i> £ £ S £ + & d t iz «fc o T ffl nT 30 

te-c*4o i *t b^m&mz m ^^x 3 - ^ ^^5% ^wiws^iftosg, 

£«Si:i L> ¥^et^0 . 50/(m«)tli:A4J:ii:tiO 

#J;t>o L < l±*iS75 J 0 . 1 mflTSlF/ t tz It 1 5 0 /i m^Siitf ^||S5 

lz|^*L, i *t e> off 5 SI%JiT, »U<lil*t%ttTi:44J:ii:t4 

o 

I 0 0 4 8 1 

1 // m - 1 5 0 n m i L < , ± t)»i L < li 1 p m~ 1 $ <b lC$f i L < li 

5 /u m~ 8 0 ft mX~#>2> 0 llli, U - V - IS «f « SI i£ T «! 5e L c *# n <Jlcii, -9- > -f 
)l< 5 0 m g L , 5 0ml O ^ « tK K 7^ »D U Ii:2%T r i t o n (#®?Si4SlJ) 40 

TK^fiJtO. 2 m 1 £ iJP AT 3 55" Pfl ® ^f^^fc ^ B iittS ^ttl^^v ^ ? d F 7 

[ 0 0 4 9 ] 

3-^X^*^^5J-^-r^73-&i: L X it, frmtftltteXbtitfisitiX' tiv'4«, 09 x If , 
iK55-* J ^5*«l»SEa5*'C.^ilR« (3^n>-t^w-^- % ? - # 7 V y ? x , * - # >? 7 
is ~7 t -4 T — , , (ail^'-f i-)7;M > ^ ^ 

[ 0 0 5 0 ] 
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tBH$, H 3 B0 3 ^ B 2 0 3 , B 4 C, B N^£M < LtliSfttio * -7 

W tltt < & 4 0 - KrE ifi«.o*")*|ii50^BHT, # £ L 
<li2 0,imttTgtOttS*tt4»*i:LT3-?^*Oft*i:a*t4; <h^»f 

[ 0 0 5 1 ] 

ft#*5»1f, 2500-320 0 V<Dm.mi>mt Lv>„ *»fk*ttJ±\ ft** JR»* y 

#izxKw.&mm-$- 4 r + v >ip&m v^^s, * t> »* fcjnafci-* 

Srfflv* £ i t j5* -e # * o 10 
[ 0 0 5 2 ] 

J!»»*«U -CS 4 rtftfttflttd* J: ^ <> o*«S* K , *ft*SI®S 
o £H«&«ii<7) c o mii 6 . 7 4 5 A IZTtfU £ L < , it)ffU(li6. 7 
3 o A&T, ? <b tcjf £ l < li 6 . 7 2 0 AflTf*4, :o i t i:lMt«g B 8 B jt^ 

[ 0 0 5 3 ] 

siiiiitosi^ ft«s& t aMfk*** t oiRjR«^5s«ibttw*«[t:«anft3a ltiis 

o 

[ 0 0 5 4 ] 

vtmm&t Ltlt, Igi, M£tt, 3-*^-*f^ftt,ftii;7f*i:, 'J T ^ 
>j d ^ b v ;w «b fis <b it Z> P A N m tfm if h tl 2> o 
[ 0 0 5 5 ] 

^ffii£JStlSi£iiil±. flj x. li ^ > -tf > , h ;Ujc > % ^IfOWEHk^-^ SrS^lc, 7 j. 

n t>«foifiI»lwfSTf, *f#^tt<)f: 8 0 0 -l 300 C-?ifta-JIFKi& 
$-£&CltlCio-C|#<b;ft&o £ e> IC, fOftft2 5 0 0 - 3 2 0 0 "C H & fk & S "t 4 

- t iu>. Ji^ffiuu, jftffc* -7S^ ^-j'jn, r a- 5 - * a, 

^if ^lisibSiit t ii:^2 500-32 0 0 t-ciiaftMitSo 30 

[ 0 0 5 6 ] 

*HW V»T 11, 1IS#0. 05-10/t.m, - 5 0 0 /< m^ttSc** 

mmzm^z z ttmt l < , «t l < 0. 1 - 5 ^ m, mm&&5 - 5 

O/iinfi,!), $ «b U» * L < IlliM^O . 1 - 0 . 5 ^ m, «Ki|tft4t 1 0 - 2 0 M m 
T*ab 4 o 
[ 0 0 5 7 ] 

* -*k> y i - r t ia#*<o««w»«o*vfc < , Mftm«te* x 

1~ 3- — ~f ^ / 7 7 ifi tBfif<itv>5 0 * - jj? > y a - f \z li ^ 

i - fi: Wtlfc-f 4 if ? 7 r 4 h m& — m -C* 4 J)LJ| H-#> -t-S?-jL--7t, #Jf T* ab 4 
[ 0 0 5 8 ] 

*-**>t/f a-yii, 0!lxli, ^n-tttffijis r * - ** > i- S * a - ^O^^J cfift 
(P23-P57, l 9 9 8 #ftf) ^7-?ftlS, U - "»F3K«ffi X *f K 

iO^SL, $ i:Jts^64 fc*e>u*«nfc, a't*ittt, Kg^^iis, Rvvntmm 

^ i <9 flf * 1" £ d »C i o T W <b tl 4 o i *) £P i L < li , ^«!ft*flJlOI!fe<3t*Utt2 5 
00-3 200 , C(D^^14*-^#H*;4'-ei^7a&S-r4o $<blC^SL<li> *-7^, R 50 
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ft** 'j * a , t ;u 5 - -7 ^ > * -< mm<ommtmm 1 1 & tc % ^^14**^ 

*C«K »2 5O0~- 3 2 0 O'CflSS»Iti„ 
[ 0 0 5 9 1 
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